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A new work item on "NR Positioning Support" has been agreed at RAN#83 [1]. The objectives include:
Define extensions of LPP protocol to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” definitions specified for QZSS [RAN2]
In this contribution we discuss the required SSR assistance data and propose a running LPP CR in [2].

2. 	RTK Assistance Data
The GNSS RTK Assistance Data can be divided into "Observation State Representation (OSR)" and "State Space Representation (SSR)" [3]. OSR relies on observations (i.e., code and carrier phase measurements) from a RTK reference station which are provided (periodically) to the target device. The target device uses these observations to correct its own GNSS measurements. SSR on the other hand relies on GNSS "error states" which are estimated at a server using a network of GNSS reference stations. The state of the individual GNSS error sources are then provided separately to the target device. Essentially, OSR provides the "lump-sum" of all GNSS error sources, whereas SSR provides models for each error source individually. 
The GNSS state vector of SSR typically consists of the following basic parameters/error components:
-	satellite orbit errors,
-	satellite clock errors,
-	satellite signal biases (delays of codes (code-bias) and carrier phases (phase-bias) within satellite hardware and software),
-	ionospheric delay parameters,
-	tropospheric delay parameters,
and
-	quality indicators for state parameters.
The resulting SSR error data are valid throughout a desired geographic area (as calculated by the server). The target device uses the SSR data to compute the overall corrections that it should apply based on its initial position (initially obtained using standard GNSS/A-GNSS positioning).
The OSR assistance data for RTK and Network-RTK currently defined in LPP [4] comprise:
-	RTK Reference Station Information;
-	RTK Auxiliary Station Data;
-	RTK Observation Information;
-	GLONASS RTK Bias Information;
-	RTK MAC Correction Differences;
-	RTK Residuals;
-	RTK FKP Gradients.
The SSR assistance data for RTK currently defined in LPP [4] comprise:
a.	SSR Orbit Corrections;
b.	SSR Clock Corrections;
c.	SSR Code Bias.
Therefore, given the GNSS error states listed above, assistance data for the following GNSS error sources are currently missing:
-	satellite carrier phase bias;
-	ionospheric delay parameters;
-	tropospheric delay parameters;
-	quality indicators for the state parameters.
"Compact SSR" messages have now been defined for the Quasi-Zenith Satellite System (QZSS) Centimetre Level Augmentation Service (CLAS) [5]. 
The QZSS specification [5] provides a full set of SSR messages including phase bias and atmospheric corrections. They are structured as RTCM [6] messages and can be extracted from existing and future (probably) RTCM SSR messages. The QZSS "compact SSR" messages include [5]:
1.	Compact SSR GNSS Orbit Correction (MT 4073,2),
2.	Compact SSR GNSS Clock Corrections (MT 4073,3),
3.	Compact SSR GNSS Satellite Code Bias (MT 4073,4),
4.	Compact SSR Satellite Phase Bias (MT 4073,5),
5.	Compact SSR STEC Correction (MT 4073,8),
6.	Compact SSR Gridded Correction (MT 4073,9),
7.	Compact SSR GNSS URA (MT 4073,7).
Elements 1.-3. above are already supported in LPP (see a.-c. above), and the remaining four elements 4.-7. provide the missing assistance data for 
-	satellite carrier phase bias;
-	ionospheric delay parameters (Slant Total Electron Content (STEC));
-	tropospheric delay parameters (Gridded Corrections);
-	quality indicators for the state parameters.
The quality indicators for the state parameters are provided as User Range Accuracy (URA) (1-sigma) for range correction computed from a complete signal in space specific SSR set as provided in the assistance data. The "Compact SSR GNSS URA" defined as MT 4073,7 in [5] is identical to the SSR URA for e.g. GPS MT 1061 in [6].

Proposal 1:	Add the following "compact SSR" messages [5] to the LPP A-GNSS Assistance Data:
			-	Compact SSR GNSS Satellite Phase Bias (MT 4073,5);
			-	Compact SSR STEC Corrections (MT 4073,8);
			-	Compact SSR Gridded Correction (MT 4073,9);
 -	(Compact) SSR GNSS URA (MT 4073,7).

It is noted that addition of the above SSR assistance data to LPP will also support EPS (and enable E-UTRAN broadcast assistance via a small change to RRC [7]).

Proposal 2:	The additional SSR assistance data shall be applicable to E-UTRAN [3] and NR [8].
Proposal 3:	The additional SSR assistance data shall be added to the Positioning System Information message and related scheduling information for E-UTRAN in TS 36.331 [7].


3. 	Grid Definition for Atmospheric Delays
The troposhere delay correction data as well as any STEC residual correction (Compact SSR Gridded Correction) are provided for a number of grid points defined by its latitude and longitude relative to the ellipsoid height 0 [5]. QZSS defines various Tables of grid point coordinates, however, covering the Asia-Pacific region only (min/max latitude 20.44/45.55 deg; min/max longitude 122.94/149.24 deg). For a particular "Compact Network ID" several grid points are defined which can be addressed via a Grid No/ID. 
Similar fixed grid point locations are also defined for SBAS [9] or BDS [10] (BDS-GridModelParameter-r12 in LPP [4]). 
For global SSR service, a more flexible definition of grid points is desired. An example of a rectangular grid in latitude and longitude is defined in LPPe [11], where the grid is essentially defined by its origin, the number of grid rows in latitude and columns in longitude, as well as the spacing of rows and columns. Since for such a rectangular grid some grid points may not have valid atmospheric data (e.g., irregular grid shape) the LPPe definition allows an indication of which grid point contains valid data. The ASN.1 definition of the IE OMA-LPPe-ValidityArea is as follows [11]:
-- ASN1START

OMA-LPPe-ValidityArea ::= SEQUENCE {
	regionSizeInv			INTEGER (1..255),
	areaWidth				INTEGER (2..9180)		OPTIONAL,
	codedLatOfNWCorner		INTEGER (0..4589),
	codedLonOfNWCorner	 	INTEGER (0..9179),
	rleList					OMA-LPPe-RleList		OPTIONAL, 
	...
}

OMA-LPPe-RleList ::= SEQUENCE (SIZE(1..65535)) OF INTEGER (0..255)

-- ASN1STOP

An example is shown in Figure 1 below (from Annex C.1 of LPPe  [11]). The size of the region, i.e. the number of degrees on each side of the region, is defined by 10/regionSizeInv. Regions are rectangular in spherical coordinates, i.e. as many degrees in the north-south direction as in the east-west direction. A single region is described as a red box in Figure 1.
The coordinates of the north-west corner of the area define the origin of the region. The parameter RS defines the size of the grid region in degrees with
	regionSizeInv = 10 / RS
and
	North-West corner latitude in degrees 	= RS × codedLatOfNWCorner – 90 degrees
	North-West corner longitude in degrees = RS × codedLonOfNWCorner – 180 degrees
and vice versa
	codedLatOfNWCorner = floor ( (North-West corner latitude in degrees + 90 degrees ) / RS )
	codedLonOfNWCorner = floor ( (North-West corner longitude in degrees + 180 degrees )  / RS )
Further, the width of the area is expressed in terms of how many regions fit into the area, i.e.
	areaWidth = Area Width in degrees / RS.
This assumes that the area width has been chosen appropriately so that it is divisible by RS.
In the example of Figure 1, RS = 1 degree, i.e. regionSizeInv = 10 / 1 = 10. The areaWidth = 8 degrees / RS = 8.
codedLatOfNWCorner = floor ( (-15°+90°)/1° ) =75 and codedLonOfNWCorner = floor ( (83°+180°)/1° ) = 263.
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RLE (Run-Length Encoding) is an efficient method to encode areas. The RLE encoding describes in which regions the provided data is valid. In the case illustrated in Figure 1 the provided data is valid in regions marked with green dots. The blue line shows the order, in which the area is run through, i.e. always from left to right and starting from the upper left corner. 
The rleList begins with the number of regions for which the data is not valid. Therefore, the first element in the rleList is ‘1’. Note that if the data was valid in the first region (the region in the left upper corner), the first element would be ‘0’.  Next, there are five regions in Figure 1 for which the data is valid. Hence, the second element is ‘5’. Next, there are four regions for which the data is not valid. Thus, the next element is ‘4’. The information of the width of the area in regions allows changing the line at the correct place. After this there are nine regions for which data is valid and the next element is ‘9’. The full rleList in this example is: 1 ; 5 ;  4 ; 9 ; 1 ; 3 ; 2 ; 6 ; 1.
The above allows the definition of an arbitrary rectangular grid. Service providers should be able to provide gridded corrections for an arbitrary grid. If needed, the IE OMA-LPPe-ValidityArea could be extended to allow different spacings for latitude rows and longitude columns. 
The QZSS grid points [5] are in general not regularly spaced, and some points have also a quite narrow spacing (e.g., the grid points for Network ID 1 just cover about a single degree in latitude and about 3 degrees in longitude). It is unclear whether the exact grid points defined for QZSS in [5] need to be supported. However, if they need to be supported, one solution would be to define the grid points as a CHOICE. The identification of a QZSS grid point requires only the Network ID. A given Network ID would then define the grid points via table lookup. The sorting of the correction data in the SEQUENCE must then be according to ascending grid point number for the given Network ID. For example:

-- ASN1START

GridPoints ::= CHOICE {
	var1	OMA-LPPe-ValidityArea,
	var2	NetworkID,
	...
}

NetworkID := INTEGER (0..31)		-- As defined in [5]

-- ASN1STOP


Proposal 4:	Use the IE OMA-LPPe-ValidityArea [11] as a starting point for defining a regular grid for which the SSR Gridded Correction data are provided. 

4. 	Summary
In this contribution we discussed the currently missing SSR assistance data in LPP, which led to the following proposals:

Proposal 1:		Add the following "compact SSR" messages [5] to the LPP A-GNSS Assistance Data:
				-	Compact SSR GNSS Satellite Phase Bias (MT 4073,5);
				-	Compact SSR STEC Corrections (MT 4073,8);
				-	Compact SSR Gridded Correction (MT 4073,9);
[bookmark: _GoBack] 	-	(Compact) SSR GNSS URA (MT 4073,7).
Proposal 2:	The additional SSR assistance data shall be applicable to E-UTRAN [3] and NR [8].
Proposal 3:	The additional SSR assistance data shall be added to the Positioning System Information message and related scheduling information for E-UTRAN in TS 36.331 [7].
Proposal 4:	Use the IE OMA-LPPe-ValidityArea [11] as a starting point for defining a regular grid for which the SSR Gridded Correction data are provided. 
A running LPP CR is proposed in [2] accordingly.



References
[1]	RP-190752, "New WID: NR Positioning Support".
[2]	R2-1906782, "Running LPP CR for PPP-RTK support (SSR)", Qualcomm Incorporated.
[3]	3GPP TS 36.305: "Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN".
[4]	3GPP TS 36.355: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning Protocol (LPP)".
[5]	IS-QZSS-L6, "Quasi-Zenith Satellite System – Interface Specification – Centimetre Level Augmentation Service", November 5, 2018.
[6]	RTCM Standard 10403.3: "Differential GNSS (Global Navigation Satellite Systems) Services – Version 3.3", October 7, 2016. 
[7]	3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".
[8]		3GPP TS 38.305: "Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN".
[9] 		Specification for the Wide Area Augmentation System (WAAS), US Department of Transportation, Federal Aviation Administration, DTFA01-96-C-00025, 2001.
[10] 	BDS-SIS-ICD-2.0: "BeiDou Navigation Satellite System Signal In Space Interface Control Document Open Service Signal (Version 2.0)", December 2013.
[11]	OMA-TS-LPPe, "LPP Extensions Specification", Open Mobile Alliance.
5

image1.emf
Region 

size

North-West

Corner

Area width

-17º

-16º

-15º

-18º

83º 84º 85º 86º 87º 88º 89º 90º 91º


oleObject1.bin
Region size


North-West
Corner


Area width


-17º


-16º


-15º


83º


84º


-18º


85º


86º


87º


88º


89º


90º


91º



